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(57) ABSTRACT 


The present invention provides a solar-powered transform- 
able airship, on which solar cell panels are installed all over 
to maximize the amount of solar energy collected. More- 
over, the airship according to the present invention has a 
main body of variable volume, suitable for any altitude, 
ranging from the ground to 30 kilometers high, providing 
very good economic potential. 
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1 
TRANSFORMABLE AIRSHIP 


CROSS-REFERENCE TO RELATED 
APPLICATION 


This application claims priority of CN Patent Application 
No. 200510090070.1 filed on Aug. 12, 2005, entitled 
“Transformable Airship”, which is incorporated herein by 
reference for all purposes. 


TECHNICAL FIELD 


The present invention relates to a transformable aircraft, 
and in particular, to an airship having a main body of 
variable volume, which can be powered by solar-energy. 


BACKGROUND OF THE INVENTION 


An airplane, which is a “heavier-than-air” craft, is urged 
upwardly by a force generated by the relative movement 
between the airfoils and the airflow, while an airship, which 
is а “lighter-than-air” craft, makes use of buoyancy to “float” 
in the air, by filling the airship with a gas having specific 
gravity less than that of the air. An airship has many merits, 
which are impossible for an airplane or a helicopter, such as 
low fuel consumption, long term continuous flight, large 
payload, less noise pollution, calm flight, simple areas for 
take-off and landing, etc. Modern airships can fly in the air 
with little power, are relatively quiet, and do not generate 
turbulence. Moreover, modern airships can stay in the air for 
a long time, being able to suspend in a certain place for 
several days or even weeks. All of these illustrate the major 
advantages of an airship. Since velocity is not necessary for 
generating the upward force for an airship, a massive 
amount of energy can be saved. Nowadays, non-renewable 
resources are becoming scarcer, and the shortage of energy 
sources has become a threat to mankind. Accordingly, the 
use of an airship, which needs less energy than other 
aircrafts, will serve mankind for today and tomorrow. How- 
ever, among various kinds of modern airships developed by 
different countries in the world, conventional rigid, semi- 
rigid or blimp designs are still adopted. Thus, it is difficult 
to avoid notable problems in these airships, such as, a need 
to provide a heavy-weight (water, sandbag, compressed air), 
which has to be increased or decreased to change altitude; 
the need to change the volume of an airship as the altitude 
is increased; slow velocity; poor wind resistance; relatively 
high effect-cost ratio even when an airship can carry out 
versatile tasks; and the difficulty for an airship to become 
balanced and level off when suspended in the air. Further- 
more, since an airship designed for a certain altitude is only 
suitable for this specific altitude, different kinds of airships 
have to be designed for different altitudes, thereby making 
the use of airships costly. At the same time, the areas where 
solar cells can be installed on their exterior surface are quite 
limited for an airship adopting a semi-rigid or blimp design. 
Accordingly, when the incident angle of sunshine changes, 
solar cell panels may not be irradiated or sufficiently irra- 
diated, thereby making it impossible to make full use of 
solar energy. 


SUMMARY OF THE INVENTION 


The main object of the present invention is to provide a 
new type of transformable airship, wherein solar cells can be 
installed in many different areas on the outer shell, thereby 
maximizing the amount of solar energy collected. Moreover, 
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the airship, according to the present invention, is suitable for 
any altitude, ranging from the ground to 30 kilometers, thus 
it has a very good economic potential. 

In accordance with the invention, there is provided a 
transformable airship, comprising: 

an airship frame, including longitudinal frames and radial 
frames; wherein said radial frames are axially symmetrical 
about a longitudinal central axis and extendable and retract- 
able along a radial direction; 

an airship shell mounted on said airship frame, compris- 
ing multiple sections of skins of rigid or weak elastic 
materials, each of said skins is connected with an adjacent 
skin, forming an envelop on said airship frame; wherein 
each section of said skins has a planar or curved shape, and 
is connected with a radially adjacent section of skins by 
hinge; 

buoyant gas storing and discharging apparatus, which is 
installed inside the airship shell; 

a control system including an operation control system 
and a transformation control system, 

wherein under the control of the transformation control 
system, when buoyancy is to be increased, buoyant gas is 
discharged by the buoyant gas storing and discharging 
apparatus, and since the air pressure inside the airship is 
greater than that outside the airship, the pressure difference 
on the skins generates an outwards force to expand the 
airship shell, at the same time said radial frame is pulled and 
extended outwardly in the radial direction, axially symmetri- 
cally about said longitudinal central axis, and the airship 
frame’s radial cross-section is enlarged; when buoyancy is 
to be decreased, the buoyant gas is compressed into the 
buoyant gas storing and discharging apparatus, since the air 
pressure inside the airship is less than that outside the 
airship, the pressure difference on the skins generates an 
inwards force to contract the airship shell, at the same time 
said radial frame is contracted inwardly in the radial direc- 
tion and the radial cross-section of the airship frame is 
reduced. 

On account of the above-described technical scheme, the 
present invention has advantages and effects as follows: 

1. In accordance with the invention, the variation of the 
volume of the airship can be controlled by coordination of 
the transformation control system of the airship and the 
built-in buoyant gas storing and discharging apparatus. 
Thus, without change of the deadweight of the airship, the 
volume of the airship is determined based on the air density 
at a certain altitude, so that the airship can suspend or cruise 
in the specific altitude. Therefore, the application range and 
working capability of the airship are increased effectively. 

2. Since the buoyancy of the airship of the present 
invention can be changed by 6-8 times, the airship has the 
transportation capability in vertical direction of the space. 
Because, if it is loaded on the ground at its smallest volume, 
as the airship is expanded in volume, it will rise continu- 
ously because of the increased buoyancy, and it will not stop 
rising until the buoyancy force balances with the force of 
gravity at a certain altitude. 

3. The airship of the present invention has relatively faster 
speed and better flexibility in the medium and low altitudes, 
because the volume of the airship is reduced at the medium 
and low altitudes, and its cross-sectional area is also reduced 
accordingly, so that the wind resistance is relatively small. 
This advantage is very important for the performance and 
working efficiency of an airship. 

4. In accordance with the airship of the present invention, 
solar cell panels can be mounted on almost all of the areas 
on the surface of the airship shell, enabling the geometry of 
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the airship to be varied when it is necessary to change the 
buoyancy. Thus, the solar energy can be continuously 
obtained over the surface area of the airship shell (for 
example, from solar direct ray, solar side ray, and solar ray 
reflected by clouds, from any direction of the space), so that 
the round-trip flight time can be prolonged significantly. If 
equipped with a solar energy exchange system and fuel cell, 
the airship of this invention will be able to perform tasks at 
a certain altitude for a long time without an additional 
energy source. This feature has notable significance and 
importance for people living in parts of the world where 
non-renewable resources are scarce, and the shortage of 
energy source has become problematic. 


BRIEF DESCRIPTION OF THE DRAWINGS 


Further features and advantages of the present invention 
will become apparent from the following detailed descrip- 
tion, in combination with the appended drawings, in which: 

FIG. 1 is an isometric view of a solar-powered transform- 
able airship according to a first embodiment of the present 
invention; 

FIG. 2 is an isometric view of the solar powered trans- 
formable airship according to the first embodiment of the 
present invention, wherein the geometry of the airship has 
been changed; 

FIG. 3 is an isometric view of the airship illustrating the 
helium gas storing and discharging apparatus set within the 
airship in accordance with the first embodiment of the 
present invention; 

FIGS. 4a, 45, and 4c are cross-sectional views showing 
the folding process of the foldable frame of the airship in 
accordance with the first embodiment of the present inven- 
tion; 

FIGS. 5a, 55, and 5c are isometric views showing the 
varying shape of the skins and the frames of the airship in 
accordance with the first embodiment of the present inven- 
tion; 

FIGS. 6a, 6b, 6c, 6d, 6e, and 6f are schematic views 
showing the respective front and side views of the airship 
when the volume of the airship is the least, medium and the 
largest, in accordance with the first embodiment of the 
present invention; 

FIGS. 7a, 7b, and 7c are cross-sectional views showing 
the process of geometry variation of the airship in accor- 
dance with a second embodiment of the present invention; 

FIGS. 8a, 85, and 8c are cross-sectional views showing 
the process of geometry variation of the airship in accor- 
dance with a third embodiment of the present invention; and 

FIGS. 9a, 95, and 9c are cross-sectional views showing 
the process of geometry variation of the airship in accor- 
dance with a fourth embodiment of the present invention. 


DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 


As illustrated in FIGS. 1 to 6f; a first embodiment of the 
solar-powered transformable airship of the present invention 
includes: an airship shell 1, the longitudinal central axis of 
which is in horizontal direction; an equipment cabin 2, skis 
3 and a pair of main propellers 4, which are located under 
the airship shell 1. The solar-powered transformable airship 
also includes a solar energy apparatus and a control system. 

A buoyant, e.g. helium, gas storing and discharging 
apparatus 15 is positioned in the central part inside the 
airship shell 1 along the longitudinal axis thereof (See FIG. 
3). 
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The airship frame comprises longitudinal frames 12 апа 
13, radial frames 112 апа 113, апа reinforcement poles 11 
extending circumferentially around the longitudinal axis. 
Multiple sections of skins 14, made of rigid or weak elastic 
materials, are mounted on the airship frame, each of the 
skins 14 is connected with the adjacent skins 14, forming an 
envelop on the airship frame, wherein each section of said 
skins 14 has a planar or curved shape, and is connected with 
a radially adjacent section of skins 14 by a hinge. The 
reinforcement poles 11 are disposed under the skins 14 and 
are in the shape of a straight pole or a curved pole conform- 
ing to the inner surface of the skins 14, so that the rein- 
forcement poles 11 are conforming to the shape of the 
airship shell 1. The radial frames and the reinforcement 
poles have stretchable and movable components, and can be 
driven to move in a predetermined manner, so that, when 
buoyancy is to be changed, the buoyant gas is discharged or 
compressed by the buoyant gas storing and discharging 
apparatus to produce a pressure difference between inside 
and outside of the airship shell 1, which generates an 
outwards or inwards force on the airship skins 14, thus the 
skins 14 are moved in a manner defined by the moveable 
frames. As a result, the cross-sectional shape of the airship 
shell 1 is changed, the volume of the airship is changed, and 
accordingly the buoyancy is changed. 

The control system includes: 

an operation control system for controlling the movement 
of the airship; 

a transformation control system, which controls the 
movement of the movable components in the frame; 

a pressure sensing and analyzing system for analyzing and 
monitoring the pressure difference between inside and out- 
side the airship shell 1, which includes several pressure 
sensors positioned in the interior and on the outer surface of 
the airship shell 1; and 

a buoyant, e.g. helium, gas storing and discharging con- 
trol system, under the control of which, the buoyant gas can 
be compressed into the buoyant gas storing and discharging 
apparatus 15, or can be released into the inner cavity of the 
airship shell 1 from the buoyant gas storing and discharging 
apparatus 15. 

The solar energy apparatus includes solar cell panels 17 
which can be positioned on the outer surface of the entire 
airship shell 1 or on the outer surface of partial skins 14 of 
the airship. 

The buoyant gas storing and discharging apparatus 15 is 
positioned in the central part inside the airship shell 1, and 
is combined with the longitudinal components of the airship 
frame. 

The equipment cabin 2, the skis 3 and the main propellers 
4 are positioned under the airship shell 1, while a cross type 
tail fin 16 and a tail propeller 5 are positioned at the tail end 
of the airship shell 1. The cross type tail fin 16 is composed 
of a vertical stabilizer 161, a horizontal stabilizer 162, and 
an elevator 163. 

The longitudinal frames comprise joists 12 and trussed 
beams 13; the radial frames comprise extendable rod 112 
and fixed rod 113; the reinforcement poles 11, conforming to 
the surface of the airship, are composed of multiple groups 
of foldable spacing frames extending circumferentially 
around the longitudinal axis of the airship shell 1. The rigid 
or weak elastic skins 14 are flexibly hinged with the joists 12 
and the trussed beams 13 along the longitudinal direction. A 
central strengthened component 111 is positioned in the 
center of the foldable spacing frame 11. When maximized, 
the cross-section of the airship shell 1 is in the shape of a 
circle, while the foldable spacing frames, i.e. reinforcement 
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poles 11, are also spread into a circle, and each group of the 
foldable spacing frames 11 is constructed of sixteen sections 
of curved poles joined side-by-side, with eight joists 12 and 
eight trussed beams 13 alternately positioned there between. 
There are eight radial frames, with four stretchable rods 112 
and four fixed rods 113 alternately disposed, wherein one 
end of the radial frame is connected with the trussed beam 
13, the other end is connected with the central strengthened 
component 111. There are multiple groups of skins 14 along 
the longitudinal axis, each group is composed of sixteen 
connected sections of rigid or weak elastic skins 14, forming 
an envelop on the airship frame 1. The cross-section of the 
airship is reduced in the following steps: from a circle (FIG. 
4c) to a four-petal flower-like shape (FIG. 45) and then to a 
four square-star-like shape (FIG. 4a). 

The control method for the take-off of the solar-powered 

transformable airship comprises the following steps: 

a) The cross-section of the airship is minimized, e.g. FIG. 
4a, the compressed helium gas is stored in the buoyant 
gas storing and discharging apparatus 15, the pressure 
inside the airship balances that outside the airship, then 
the airship takes off; 

b) With the altitude increasing, the pressure sensing and 
analysis system senses the pressure difference between 
the inside and the outside of the airship, and commands 
and controls the compressed helium gas to be gradually 
discharged from the buoyant gas storing and discharg- 
ing apparatus 15 to charge the airship shell 1; at the 
same time, the pressure difference on the airship skins 
14 impels the cross-section of the airship shell 1 to be 
increased, and the transformation control system assists 
to control the movement of the movable components, 
so as to ensure the steady variation of the cross- 
sectional shape of the airship shell 1, and the pressure 
inside the airship shell 1 gets balanced with that outside 
the airship shell 1, whereby the airship continues 
ascending; 

c) With the altitude continuously increasing, the pressure 
sensing and analysis system continues to sense the 
pressure difference between the inside and the outside 
of the airship shell 1, and controls the compressed 
helium gas to be continuously discharged from the 
buoyant gas storing and discharging apparatus 15 to 
charge the airship shell 1; at the same time, the pressure 
difference on the skins 14 impels the cross-section of 
the airship shell 1 to be increased (e.g. FIG. 45), the 
transformation control system assists to control the 
continuous movement of the movable components, so 
as to ensure the steady variation of the cross-sectional 
shape of the airship shell 1, the cross-section of the 
airship shell 1 continues to increase isotropically, the 
pressure inside the airship shell 1 gets balanced with 
that outside the airship shell 1, and the airship continues 
ascending; 


d) The cross-section of the airship shell 1 becomes a 
maximum (e.g. FIG. 4c) at a predetermined altitude, 
and the pressure inside the airship shell 1 is balanced 
with that outside the airship shell 1, and the airship 
stops ascending. 

The buoyant gas storing and discharging apparatus 15 
installed in the airship is used to dispense the buoyant gas, 
which provides the pressure required to change the volume 
of the airship, so as to adapt to the pressure demands as the 
altitude changes. The storing and discharging of the buoyant 
gas can be controlled by the buoyant gas storing and 
discharging control system. 
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In the initial state, the airship has the minimum volume, 
suitable for aviating at a high speed in a low altitude. The 
airship of the present invention has better flexibility and 
wind resistance, and thus can perform the tasks of low speed 
aircrafts, at a much lower cost. 

In addition, the airship and the loaded apparatus can be 
powered by a hydrogen fuel cell and/or assisted with solar 
energy cells. The solar energy cell panels 17 can be posi- 
tioned on the entire outer surface of the airship shell 1. 

The main propellers 4 can produce a thrust force along the 
X direction to increase the aviation speed, and a torque about 
the Y-axis to alter the aviating direction quickly, as well as 
a thrust force along the Y direction to increase the rising 
speed. The tail propeller 5 can produce a thrust force along 
the Y direction to control pitching, and the thrust force in the 
z direction to the right or left to control the aviating direction 
when the airship is suspended in the air, as well as a thrust 
force in the X direction to push forward. 

It can be expected that the volume of the airship can be 
altered by 6-8 times from the minimum volume to the 
maximum volume, so that the airship can fly and conduct 
tasks in any altitude within the predetermined altitude range 
(for example, from 0 to 30 km altitude). Preferably, the 
longitudinal components of the airship shell 1 are made 
stretchable, to improve the airship and enable it to be used 
for different applications. 

In conclusion, by adding pushing and pulling poles, 
stretchable poles or combinations thereof, various forms of 
a transformable structure can be derived. The mechanical 
motions, such as pushing, pulling, and stretching of the 
poles, can be achieved by utilizing worm wheels and worm 
gears, pneumatic actuation, hydraulic pressure, and/or elec- 
tronic motion. 

As shown in FIGS. 7a, 7b and 7c, a second embodiment 
of the present invention includes longitudinal frames com- 
prising joists 212 and trussed beams 213; radial frames 
comprising cross type stretchable rods 312 and slidable rods 
314 extending axially and symmetrically about the longitu- 
dinal central axis; and reinforcement poles conforming to 
the surface of the airship shell 200 is composed of multiple 
groups of foldable spacing frames 311 generally perpen- 
dicular to and surrounding the longitudinal axis. The rigid or 
weak elastic skin 214 is flexibly hinged with the joist 212 
and the trussed beam 213 along the longitudinal direction. 
When maximized, the cross-section of the airship is in the 
shape of a circle (FIG. 7c), while the foldable spacing frame 
311 is also spread into a circle, and each group of the 
foldable spacing frames 311 is constructed of eight sections 
of curved poles joined side-by-side, with four joists 212 and 
four trussed beams 213 alternately positioned there between. 
One end of the slidable rods 314 is fixed to a joist 212, and 
the other end is moveably connected to the middle part of the 
stretchable rod 312, which can slide along the stretchable 
rod 312. There are multiple groups of skins 14 along the 
longitudinal axis, each group is composed of eight con- 
nected sections of rigid skins 14, forming an envelop on the 
airship shell 200. The cross-section of the airship 18 reduced 
in the following steps: from a circle (FIG. 7c) to American- 
football-like shape (FIG. 75) then to a flat-lotus-root-like 
shape (FIG. 7a). 

When shrunk into a flat shape, the solar-powered trans- 
formable airship of the present invention can fly calmly and 
limit radar reflection. 

As shown in FIGS. 8a, 85 and 8c, in a third embodiment, 
the longitudinal frames comprise joists 412; the radial 
frames comprise cross type stretchable rods 512; the rein- 
forcement poles conforming to the surface of the airship 400 
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is composed of multiple groups of foldable spacing frames 
411 generally perpendicular to and surrounding the longi- 
tudinal axis. The rigid or weak elastic skin 414 is flexibly 
hinged with the joist 412 along the longitudinal direction. 
When maximized, the cross-section of the airship shell 400 
is in the shape of a circle (FIG. 8c), while the foldable 
spacing frame 411 is also spread into a circle, and each group 
of the foldable spacing frames 411 is constructed by four 
sections of curved poles joined side-by-side. One end of 
each stretchable rod 512 is connected with the node between 
the joists 412, the other end is fixed to the center part of the 
airship. There are multiple groups of skins 414 along the 
longitudinal axis, each group is composed of four connected 
sections of rigid or elastic skins 414, forming an envelop on 
the airship shell 400. The cross-section of the airship is 
reduced in the following steps: from a circle (FIG. 8c) to 
lip-like shape (FIG. 85) and then to a double-American- 
football-like shape (FIG. 8a). 

As shown in FIGS. 9a, 95 and 9c, in a fourth embodiment, 
the longitudinal frames comprise joists 612; the radial 
frames comprise cross type stretchable rods 712; the rein- 
forcement poles conforming to the surface of the airship 600 
is composed of multiple groups of foldable spacing frame 
611 vertical to the longitudinal axis. The rigid or weak 
elastic skin 614 is flexibly hinged with the joist 612 along 
the longitudinal direction. When maximized, the cross- 
section of the airship shell 600 is in the shape of a square, 
while the foldable spacing frame 611 is also spread into a 
square, and each group of the foldable spacing frames 611 
is constructed by four sections of straight poles joined 
side-by-side. One end of the stretchable rods 712 is con- 
nected with a corner point of the airship’s cross-section, the 
other end is fixed to the center part of the airship 600. There 
are multiple groups of skins 614 along the longitudinal axis, 
each group is composed of four connected sections of rigid 
or weak elastic skins 614, forming an envelop on the airship 
shell 600. The cross-section of the airship shell 600 is 
reduced in the following steps: from a square (FIG. 9c) to a 
rhombus-like shape (FIG. 95) and then to a flat-rhombus- 
like shape (FIG. 9a). 

Since the buoyancy of the solar-powered transformable 
airship according to the present invention can be altered by 
6-8 times and the volume can be altered by 6-8 times, the 
demand for various applications can be achieved by com- 
pressing the helium gas in the helium gas storing and 
discharging apparatus 15 by up to eight times. Therefore, a 
very high strength material is not required for the wall of the 
helium gas storing and discharging apparatus 15, and the 
material commonly use in the prior art can be used in the 
invention satisfactorily. 

Although the invention has been described in relation to 
certain preferred embodiments, it is not limited thereto. 
Rather, the invention includes numerous other embodi- 
ments, which can be improved and changed by those in the 
art without departing from the spirit and scope of the 
invention. For example, the idea of varying the geometry the 
airship shell 1 can be used in the design of a submarine and 
will be the technical scheme for a new generation of 
submarines. 


What is claimed is: 

1. A transformable airship, comprising: 

an airship frame, including longitudinal frames and radial 
frames, wherein said radial frames are axially sym- 
metrical about a longitudinal central axis and are 
extendable and retractable along a radial direction; 
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an airship shell mounted on said airship frame, compris- 
ing multiple sections of skins, each of said skins is 
connected with an adjacent skin, forming an envelop on 
said airship frame; 

reinforcement poles substantially perpendicular to the 
longitudinal axis, said reinforcement poles are disposed 
under the skins and are conforming to the inner surface 
of the skins, so that the reinforcement poles are con- 
forming to the shape of said airship shell; 

buoyant gas storing and discharging apparatus, which is 
installed inside the airship shell; and 

a control system including an operational control system 
and a transformation control system, 

wherein, under the control of the transformation control 
system, when buoyancy is to be increased, buoyant gas 
is discharged by the buoyant gas storing and discharg- 
ing apparatus, and since the air pressure inside the 
airship is greater than that outside the airship, the 
pressure difference on the skins generates an outwards 
force to expand the airship shell, at the same time said 
radial frame is pulled and extended outwardly in the 
radial direction, axially symmetrically about said lon- 
gitudinal central axis, and the airship frame’s radial 
cross-section is enlarged; 

wherein when buoyancy is to be decreased, the buoyant 
gas is compressed into the buoyant gas storing and 
discharging apparatus, and since the air pressure inside 
the airship is less than that outside the airship, the 
pressure difference on the skins generates an inwards 
force to contract the airship shell, at the same time said 
radial frame is contracted inwardly in the radial direc- 
tion, and the radial cross-section of the airship frame is 
reduced; 

wherein said longitudinal frames comprise joists and 
trussed beams; 

wherein the radial frames comprise extendable rods and 
fixed rods; 

wherein the reinforcement poles conforming to the sur- 
face of the airship are composed of multiple groups of 
foldable spacing frames substantially perpendicular to 
the longitudinal axis; 

wherein said skin is flexibly hinged to the joists and the 
trussed beams along the longitudinal direction, wherein 
a central strengthened component is positioned in the 
center of the multiple groups of foldable spacing 
frames; and 

when maximized, the cross-section of the airship shell is 
in the shape of a circle, while each group of the foldable 
spacing frames is also spread into a circle. 

2. A transformable airship according to claim 1, wherein 

a solar power apparatus is mounted on the airship shell. 

3. A transformable airship according to claim 1, wherein 

said control system includes: 

an operation control system for the movement of the 
airship; 

a transformation control system for controlling the move- 
ment of movable components in the airship frame; 

a pressure sensing and analyzing system for analyzing and 
monitoring the pressure difference between inside and 
outside the airship, which includes several pressure 
sensors positioned in the interior and on the outer 
surface of the airship shell; and 

a buoyant gas storing and discharging control system 
which can control the buoyant gas to be compressed or 
to be discharged by the buoyant gas storing and dis- 
charging apparatus. 
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4. A transformable airship according to claim 2, wherein 
said solar power apparatus includes solar cell panels 
mounted on the outer surface of the entire airship shell. 

5. A transformable airship according to claim 2, wherein 
said solar power apparatus includes solar cell panels 
mounted on outer surfaces of the airship shell. 

6. A transformable airship according to claim 1, wherein 
said buoyant gas storing and discharging apparatus is posi- 
tioned in a central part of the airship shell, and is combined 
with the longitudinal components of the airship frame. 

7. A transformable airship according to claim 1, wherein 
an equipment cabin, skis and a pair of main propellers are 
positioned under the airship shell, and a tail fin and a tail 
propeller are positioned in the tail end of the airship shell, 
wherein said tail fin is composed of a vertical stabilizer, a 
horizontal stabilizer, and an elevator. 

8. A transformable airship according to claim 1, wherein 
each group of the foldable spacing frames is constructed by 
sixteen sections of curved poles joined side-by-side, with 
eight joists and eight trussed beams alternately positioned 
there between; 

wherein there are eight radial frames, with four extend- 

able rods and four fixed rods alternately disposed, 
wherein one end of each radial frame is connected with 
one of the trussed beams, the other end is connected 
with the central strengthened component; 

wherein there are multiple groups of skins along the 

longitudinal axis, each group is composed of sixteen 
connected sections of skins, forming an envelop on the 
airship frame; 
wherein the cross-section of the airship is reduced in the 
following steps: from a circle to a four-petal flower-like 
shape and then to a foursquare-star-like shape. 
9. A transformable airship, comprising: 
an airship frame, including longitudinal frames and radial 
frames, wherein said radial frames are axially sym- 
metrical about a longitudinal central axis and are 
extendable and retractable along a radial direction; 

an airship shell mounted on said airship frame, compris- 
ing multiple sections of skins, each of said skins is 
connected with an adjacent skin, forming an envelop on 
said airship frame; 

reinforcement poles substantially perpendicular to the 

longitudinal axis, said reinforcement poles are disposed 
under the skins and are conforming to the inner surface 
of the skins, so that the reinforcement poles are con- 
forming to the shape of said airship shell; 

buoyant gas storing and discharging apparatus, which is 

installed inside the airship shell; and 

а control system including an operational control system 

and a transformation control system, 

wherein, under the control of the transformation control 

system, when buoyancy is to be increased, buoyant gas 
is discharged by the buoyant gas storing and discharg- 
ing apparatus, and since the air pressure inside the 
airship is greater than that outside the airship, the 
pressure difference on the skins generates an outwards 
force to expand the airship shell, at the same time said 
radial frame is pulled and extended outwardly in the 
radial direction, axially symmetrically about said lon- 
gitudinal central axis, and the airship frame’s radial 
cross-section is enlarged; 

wherein when buoyancy is to be decreased, the buoyant 

gas is compressed into the buoyant gas storing and 
discharging apparatus, and since the air pressure inside 
the airship is less than that outside the airship, the 
pressure difference on the skins generates an inwards 
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force to contract the airship shell, at the same time said 
radial frame is contracted inwardly in the radial direc- 
tion, and the radial cross-section of the airship frame is 
reduced; 
wherein said longitudinal frames comprise joists and 
trussed beams; 
wherein the radial frames comprise crossed extendable 
rods and slidable rods axially symmetrically about the 
longitudinal central axis; 
wherein the reinforcement poles conforming to the sur- 
face of the airship shell are composed of multiple 
groups of foldable spacing frames substantially perpen- 
dicular to the longitudinal axis; 
wherein said skin is flexibly hinged with the joists and the 
trussed beams along the longitudinal direction; and 
wherein when maximized, the cross-section of the airship 
is in the shape of a circle, while each group of the 
foldable spacing frames is also spread into a circle. 
10. A transformable airship according to claim 9, wherein 
each group of the foldable spacing frames is constructed by 
eight sections of curved poles joined side-by-side, with four 
joists and four trussed beams alternately positioned there 
between; wherein one end of each of the slidable rods is 
fixed to a trussed beams, and the other end is moveably 
connected to the middle part of one of the extendable rods, 
for sliding along the extendible rod; 
wherein there are multiple groups of skins along the 
longitudinal axis, each group is composed of eight 
connected sections of rigid or weak elastic skins, form- 
ing an envelop on the airship shell; and 
wherein the cross-section of the airship is reduced in the 
following steps: from a circle to American-football-like 
shape then to a flat-lotus-root-like shape. 
11. A transformable airship, comprising: 
an airship frame, including longitudinal frames and radial 
frames, wherein said radial frames are axially sym- 
metrical about a longitudinal central axis and are 
extendable and retractable along a radial direction; 
an airship shell mounted on said airship frame, compris- 
ing multiple sections of skins, each of said skins is 
connected with an adjacent skin, forming an envelop on 
said airship frame; 
reinforcement poles substantially perpendicular to the 
longitudinal axis, said reinforcement poles are disposed 
under the skins and are conforming to the inner surface 
of the skins, so that the reinforcement poles are con- 
forming to the shape of said airship shell; 
buoyant gas storing and discharging apparatus, which is 
installed inside the airship shell; and 
a control system including an operational control system 
and a transformation control system, 
wherein, under the control of the transformation control 
system, when buoyancy is to be increased, buoyant gas 
is discharged by the buoyant gas storing and discharg- 
ing apparatus, and since the air pressure inside the 
airship is greater than that outside the airship, the 
pressure difference on the skins generates an outwards 
force to expand the airship shell, at the same time said 
radial frame is pulled and extended outwardly in the 
radial direction, axially symmetrically about said lon- 
gitudinal central axis, and the airship frame’s radial 
cross-section is enlarged; 
wherein when buoyancy is to be decreased, the buoyant 
gas is compressed into the buoyant gas storing and 
discharging apparatus, and since the air pressure inside 
the airship is less than that outside the airship, the 
pressure difference on the skins generates an inwards 
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force to contract Ше airship shell, at Ше same time said 
radial frame is contracted inwardly in the radial direc- 
tion, and the radial cross-section of the airship frame is 
reduced; 


wherein the radial frames comprise crossed extendable 
rods; 
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wherein the reinforcement poles conforming to the sur- 
face of the airship are composed of multiple groups of 
foldable spacing frames substantially perpendicular to 
the longitudinal axis; 


wherein said longitudinal frames comprise joists; 5 wherein the skin is flexibly hinged to the joists along the 

мэ. the radial frames comprise crossed extendable longitudinal direction; and 

ша. the reinforcement poles conforming to the sur- wherein when maximized, the cross-section of the airship 
face of the airship are composed of multiple groups of shell is in the shape ofa square, while саб h group of the 
foldable spacing frames substantially perpendicular to 10 foldable spacing frames is also spread into a square. 
the longitudinal axis; 14. A transformable airship according to claim 13, 

wherein the skin is flexibly hinged to the joists along the wherein each group of the foldable spacing frames is con- 
longitudinal direction; structed of four sections of straight poles joined side-by- 

wherein when maximized, the cross-section of the airship side; 
не Е ни үү the 15 wherein one end of the extendable rods is connected with 
12. А EIC airship ae omits tó claim " a corner point of the cross-section of the airship shell, 
wherein each group of the foldable spacing frames is con- the шон end is fixed Юю Ше сешег рап ee the airship; 
structed of four sections of curved poles joined side-by-side; wherein there are multiple groups of skins along the 
wherein one end of the extendible rod is connected with longitudinal axis, each group 18 composed of four 
a node between the joists, and the other end is fixed to ?? connected sections of rigid or weak elastic skins, form- 
the center part of the airship; ing an envelop on the airship shell; 

wherein there are multiple groups of skins along the wherein the cross-section of the airship shell is reduced in 
longitudinal axis, each group is composed of four the following steps: from a square to a rhombus-like 
connected а a rigid "d жа. elastic skins, form- shape and then to a flat-rhombus-like shape. 
ing an envelop on the airship shell; _ 

wherein the cross-section of the airship is reduced in the : я z eds 2 ° 20 = take ud or š е 
following steps: from a circle to lip-like shape and then asup: as (CALNE m. саш 3: GORIBEISHTS, tie Tollówing 
to a double-American-football-like shape. steps: 

13. A transformable airship, comprising: a) a cross-section of the airship is substantially mini- 

an airship frame, including longitudinal frames and radial зо mized, buoyant gas is stored in a buoyant gas storing 
frames, wherein said radial frames are axially sym- and discharging apparatus, the pressure inside the air- 
metrical about a longitudinal central axis and are ship balances that outside the airship, and the airship 
extendable and retractable along a radial direction; | takes off; 

а mounted ie Kis eins cid a b) as the altitude increases, the pressure sensing and 
Ing mu m E "ope oe 7 ion И эн 15 35 analysis system senses the pressure difference between 
ad ship 5 oer Jacent' sn. 1orming aenye opon inside and outside the airship, and commands and 

k controls the buoyant gas to be gradually discharged 

reinforcement poles substantially perpendicular to the : : : 
longitudinal уна said ian event oles are disposed ora a DACP а ошакта Senor 
г ces ines d h ndn ie ee aes n Mice to expand the airship shell; at the same time, the 

e 5 nda 1 е1 : БИР : 

of the skins, so that the а oles аге con- ^? ыг асерге s thi arship Me expands. the 
Puki h h f said airship sh n cross-section of the airship frame, and the transforma- 
b orming t0-tie $ ds di ini ae tp Seis hich i tion control system assists to control the movement of 
em A cen anc iin Ее ur DHT the movable components, to ensure the steady variation 
meta E iama iss ap a Ире an of the cross-sectional shape of the airship shell, and the 

a жерк со vee в oa control system 2 pressure inside the airship shell gets balanced with that 
and a transformation control system. : schi : — 

wherein, under the control of the transformation control цанын ше sar p Shell, шегеру A лтийн 

u . : continue ascending; 
system, when buoyancy is to be increased, buoyant gas | 5 : . 
is discharged by the buoyant gas storing and discharg- с) as the altitude continuously increases, the pressure 
ing apparatus, and since the air pressure inside the Sensing, and analysis system а the 
airship is greater than that outside the airship, the 50 Ei diference. between Inside and Outside the 
pressure difference on the skins generates an outwards airship shell, and controls the continuous discharge of 
force to expand the airship shell, at the same time said в т the Š лине to os the 
radial frame is pulled and extended outwardly in the dn the sii са ete 116, ое ehin 
radial direction, axially symmetrically about said lon- EEEE AR d. oe RE a 村 
gitudinal central axis, and the airship frame’s radial frame to be increased, and the transformation control 
cross-section is ëñl arg ed: 55 system assists to control the continuous movement of 
wherein when buoyancy is to be decreased, the buoyant the movable COMPO DENI so газ doc Ensure Ше steady 
gas is compressed into the buoyant gas storing and variation of the cross-sectional shape of the airship 
discharging apparatus, and since the air pressure inside shell, whereby the cross secon of the airship frame 
the airship is less than that outside the airship, the ое: mmerease isotropically, the pressus inside 
pressure difference on the skins generates an inwards 60 the airship shell gets balanced with that outside the 
force to contract the airship shell, at the same time said airship shell, and the аш ship continues ascending; ар 
radial frame is contracted inwardly іп ће radial direc- d) the cross-section of the airship shell becomes maxi- 
tion, and the radial cross-section of the airship frame is mized, ata predetermined altitude, the pressure inside 
reduced; the airship shell is balanced with that outside the airship 
wherein said longitudinal frames comprise joists; 65 shell, and the airship stops ascending. 


